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Reaction MechanismsReaction Mechanisms

Ionization of waterIonization of water

2H2H22O  O  HH33OO++ + OH+ OH--

Dissociation of carbon dioxideDissociation of carbon dioxide
2H2H22O  + COO  + CO2 2 HH33OO++ + HCO + HCO 33

--

Dissociation of bicarbonateDissociation of bicarbonate
HH22O + O + HCO HCO 33

-- HH33OO++ + CO + CO 33
22--

Dissociation of Dissociation of protonatedprotonated alkanolaminealkanolamine
HH22O + RRO + RR’’RR’’’’NHNH + + HH33OO++ + RR+ RR’’RR’’’’NN

CarbamateCarbamate reversion to bicarbonatereversion to bicarbonate
HH22O + RNHCOO O + RNHCOO -- RNHRNH22 + HCO + HCO 33

--
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Desired Properties of Desired Properties of AlkanolamineAlkanolamine
SolventSolvent

High solubility of COHigh solubility of CO2 2 at ambient temperatureat ambient temperature
Rapid solubility drop with increase in temperatureRapid solubility drop with increase in temperature
High absorption and High absorption and desorptiondesorption ratesrates
Low heat duty in the stripping processLow heat duty in the stripping process
Low corrosion and circulation ratesLow corrosion and circulation rates



6

Available Solubility DataAvailable Solubility Data
Aqueous solvents of pure Aqueous solvents of pure alkanolaminesalkanolamines

1.   MEA  (10 to 30 wt%,  0 to 1201.   MEA  (10 to 30 wt%,  0 to 12000C)C)
2.   DEA  (10 to 50 wt%,  0  to 1202.   DEA  (10 to 50 wt%,  0  to 12000C)C)
3.   MDEA (10 to 55 wt%, 0 to 1203.   MDEA (10 to 55 wt%, 0 to 12000C)C)
4.   PZ (4.   PZ (PiperazinePiperazine) (5 to 30 wt%, 40 to 120) (5 to 30 wt%, 40 to 12000C)C)

Aqueous solvents of mixed Aqueous solvents of mixed alkanolaminesalkanolamines
1.   MEA + MDEA (Range of compositions, 25 to 1201.   MEA + MDEA (Range of compositions, 25 to 12000C)C)
2.   DEA + MDEA (Few compositions, 40 to 1202.   DEA + MDEA (Few compositions, 40 to 12000C)C)
3.   MEA+PZ (Few compositions, 40 to 603.   MEA+PZ (Few compositions, 40 to 6000CC
4.   MDEA + PZ (Few compositions, 30 to 704.   MDEA + PZ (Few compositions, 30 to 7000C)C)
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Available Heat of Mixing DataAvailable Heat of Mixing Data

Limited data in aqueous MEA, DEA and Limited data in aqueous MEA, DEA and 
MDEA solventsMDEA solvents
Limited data in mixed solvents MEA+MDEA Limited data in mixed solvents MEA+MDEA 
and MDEA+PZand MDEA+PZ



Pressure Vs Alpha ( 30 wt% MEA Solution)
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Pressure Vs Alpha (4.28 M, 51 wt%) MDEA Solution
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Pressure Vs Alpha (40 0  C) MDEA Solution
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Objectives of this projectObjectives of this project

Measure solubility and heat of solution data for Measure solubility and heat of solution data for 
COCO22 in aqueous MEA and MDEA in aqueous MEA and MDEA 
Measure solubility and heat of solution data for Measure solubility and heat of solution data for 
COCO22 in aqueous mixtures of MEA, MDEA and in aqueous mixtures of MEA, MDEA and 
PZPZ
Make recommendations for the solvent with Make recommendations for the solvent with 
optimum compositionoptimum composition
Explore other additives with desirable propertiesExplore other additives with desirable properties
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Experimental SetupExperimental Setup
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ApparatusApparatus

Isothermal CalorimeterIsothermal Calorimeter
-- 40 40 0 0 CC –– 80 80 00 CC

Detectable heat effect 40 Detectable heat effect 40 µµJJ
Temperature Stability Temperature Stability ±± 0.0005 0.0005 00 C at 25 C at 25 0 0 CC
Detectable heat changes 0.1 Detectable heat changes 0.1 µµWW
Low noise levelsLow noise levels



Flow CellFlow Cell
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Apparatus ContinuedApparatus Continued

Mass Flow ControllerMass Flow Controller
0 0 –– 20 SCCM of CO20 SCCM of CO22
Accuracy of 0.2% Full scaleAccuracy of 0.2% Full scale

Pump Pump 
0 0 –– 9.9 ml/min 9.9 ml/min 
Accuracy of 0.1% Full scaleAccuracy of 0.1% Full scale
6000 psi  pressure rating6000 psi  pressure rating

Back Pressure RegulatorBack Pressure Regulator
Fixed Back PressureFixed Back Pressure



Heat of Solution Vs Loading ( 30 wt %, 15 0  C, 114.7 psi)
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Heat of Solution Vs Loading (  15 0 C, 114.7 psi)
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Heat of Solution Vs Loading ( 15 0  C, 114.7 psi)
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Heat of Solution Vs Loading (  75 0 C, 114.7 psi)
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Heat of Solution Vs Loading (  75 0 C, 114.7 psi)
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Heat of Solution Vs Loading (  15 0 C, 114.7 psi)
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Heat of Solution Vs Loading (  15 0 C, 114.7 psi)
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Heat of Solution Vs Loading ( 75 0 C, 114.7 psi)
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Heat of Solution Vs Loading ( 75 0 C, 114.7 psi)
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Two parameter Two parameter MargulesMargules Equation fits the Equation fits the 
data welldata well

HHmixingmixing =  (a + b X=  (a + b XCO2CO2) ) XXCO2CO2 (1(1-- XXCO2CO2))
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Temp andTemp and
wt %wt %

Experimental Experimental 
molCOmolCO22 /   mol /   mol 

MDEAMDEA

LiteratureLiterature
mol COmol CO22//

mol MDEAmol MDEA

Experimental Experimental 
Enthalpy Enthalpy 

kJ/mol COkJ/mol CO22

Literature Literature 
EnthalpyEnthalpy

kJ/mol COkJ/mol CO22

404000C, 30 wt %C, 30 wt % 0.980.98 1.031.03 --50.550.5 --4949

151500C, 20 wt%C, 20 wt% 1.271.27 --42.542.5 --4545

151500C, 30 wt %C, 30 wt % 1.181.18 --47.047.0

151500C, 40 wt %C, 40 wt % 1.131.13 --52.552.5 --5050

151500C, 50 wt %C, 50 wt % 1.081.08 --53.553.5

757500C, 20 wt%C, 20 wt% 0.9450.945 --51.551.5

757500C, 30 wt%C, 30 wt% 0.9050.905 --52.552.5

757500C, 50 wt %C, 50 wt % 0.7550.755 0.74 (700.74 (7000C)C) --55.555.5
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Temp andTemp and
wt %wt %

Experimental Experimental 
molCOmolCO22 /   mol /   mol 

MEAMEA

LiteratureLiterature
mol COmol CO22//
mol MEAmol MEA

Experimental Experimental 
Enthalpy Enthalpy 

kJ/mol COkJ/mol CO22

Literature Literature 
EnthalpyEnthalpy

kJ/mol COkJ/mol CO22

151500C, 15 wt %C, 15 wt % 1.111.11 --71.571.5

151500C, 30 wt%C, 30 wt% 0.900.90 0.920.92 --76.076.0 --82 (2582 (2500C)C)

151500C, 50 wt %C, 50 wt % 0.850.85 --80.580.5

757500C, 15 wt %C, 15 wt % 0.940.94 --80.080.0

757500C, 30 wt %C, 30 wt % 0.6750.675 0.650.65 --82.082.0

757500C, 50 wt %C, 50 wt % 0.6050.605 --86.086.0
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Thermodynamic ModelThermodynamic Model
(Chen & Evans; (Chen & Evans; AustgenAustgen & Rochelle)& Rochelle)

Reactions are expressed by temperature Reactions are expressed by temperature 
dependent equilibrium constants or kinetic rate dependent equilibrium constants or kinetic rate 
expressionsexpressions
Activities in liquid solutions expressed by Activities in liquid solutions expressed by 
electrolyte NRTL modelelectrolyte NRTL model
Equations are solved for composition of each Equations are solved for composition of each 
species by Gibbs free energy minimization species by Gibbs free energy minimization 
techniquetechnique
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Summary of AccomplishmentsSummary of Accomplishments

An apparatus for measurement of solubility and An apparatus for measurement of solubility and 
heat of solution data for COheat of solution data for CO22 in aqueous in aqueous 
alkanolaminesalkanolamines has been builthas been built
The apparatus was used to measure data for The apparatus was used to measure data for 
different strengths of aqueous MEA and MDEA different strengths of aqueous MEA and MDEA 
solvents at two temperatures, 15solvents at two temperatures, 1500C, 75C, 7500CC
The data were analyzed and the heats of solution The data were analyzed and the heats of solution 
were expressed as a function of COwere expressed as a function of CO22
composition composition 
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Continuing and Future WorkContinuing and Future Work

Data measurements at more temperaturesData measurements at more temperatures
Data measurements for mixtures of aqueous Data measurements for mixtures of aqueous 
MEA, MDEA and PZ of selected relative MEA, MDEA and PZ of selected relative 
compositionscompositions
Analysis of data and recommendations for Analysis of data and recommendations for 
optimum solvent for COoptimum solvent for CO22 removalremoval
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